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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory device using memory cells having a simple 
transistor structure. 

SOLUTION: While trenches 23a, 23b are formed spaced 
apart a predetermined distance in an element formation 
region divided by an element separating insulation film 
21 on p-type silicon substrate, the sandwiched region 
between trench 23a and 23b is defined as an element 
region 22, and a gate insulation film 24 is formed on 
its side faces. Then gate electrodes 25a, 25b are buned 
in the trenches 23a, 23b. A drain diffusion layer 27 and 
a source diffusion layer 28 are formed individually on 
the upper face and on the bottom face of the element 
region 22 to configure a vertical MISFET. The gate 
electrodes 25a, 25b are individually connected to metal 
wirings 26a, 26b which are a word line WL and a back 
word line BWL. A bit line (BL) 31 is connected to the 
drain diffusion layer 27. The data is dynamically 
memorized based on the floating potential of the element 
region 22 in the MISFET. 
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y©^*;^^ i mmmztsLiz. Ltcm i 

•Rife <L «3 * ©«{& \Z a£ b fcJB 2 Jr — : ^ ttffi £ « ^ - f X 
Sy^fcffitt!:? - * — POM I SFETtc«fcDJSfiE2*U 
HUS2M I S FETti. #^SS£. 

«*<!:, Sa£«^M$nfc^0 h l/> 

S F E TT-fcS i i^tlSi t^f Sft:/* 'J SI. 
[»*^ 2 ] ffl£fg 1 y-*ttM«. MGM I S F E 

U-f ^iScJlWPslfclilITJftm 7X^x5 d ticiO 
[»*»3 3 iiBMISFETfi. V-XMI^ 

xmmzn, w. 1 <Djjmz$L&mm(DM isfe t® k 

-T-5H2 ©*|pltcM^;«St©M I SFETOSKDy- 
So 30 

[mMm4i mtm^ftmmmm\z£io&.mtstifcm 
Bn&m^B&Lmmz. *<d\zv bmj3fii<Dffi$&mz& 
)$2tifzbi'>3 L izf&iRzff&2<Dy- hmm^mtb^ 

Stlfe— 9®M I S F E T^f^^nTl^ 
3 f2*©¥^M t U SB. 

fT-5ii:*»fS<!:-rs»*Ja4gE«l©¥3l#^ ; E , JS 

So 

&i=n;fc3f§2©y- Ml^ML, pSjSSgB© h 1/ >3=- 

ic-e-n-en^ 1 ©y— bmmamsb^ntz—'zxDM 1 
mum 7 3 Mtam 2 ©y- Misc;cnt:si$ 

OCMISFETTM^nt, ^-©^2©y— hllffi 
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x. z. ztmm 6 iess©^^^ 

J*««©j£85*«t*a*y— Xt£««*«J5)E-r-&ia<i:. 

huI2— o© i> u >f ess* nfc$fi«oiii;y- h 
m&m&Bf£LT, Hjf2#hu>^icmis^2©y 

ft. 

ggfces-r^— o© h \s>3"t>mi$.2ti. ctibfflhi/ 
>^jcii*a*nfc»i&^2©y— t-ts^tts 

— 2©MI S F E T^M^ns ^ <t5«fSlfr 
[«*fll0] MeaK'FXIAffVK:. ^-©S#^fS]© 

MSgBt^SftrfiB-r-sHu© f-u>f«3n, 

■t>*gP© hU>^{cffl#&*nfcSg2©y- 

#u w*w<!!>hu>5 i {ca>&jisnfcSBi©y— 
4S£*r-r-5— r>©M 1 s FETd«2n^r h&<mm 

[0 0 0 1] 

[^W©«-r-5ft^»I dWfgUfte. MISFET© 

*Kffi£fT5¥##**'JSB{CWT-5. 
[0 0 0 2] 

[*£*©&*] fi£>l5©DRAMti. MOS h7>yX^ 

^/^^^©iSffltc^O^^it/^Tt^-g.., h«e. 
WtUtM^f^! (t;HJ--fX) tt, SMstalTf 
SSFtlT^ 2FX4F = 8F2©E«*TSS/jN^n 
TV>-5. «/MJni^ffiFAqttft£*tC/h3<& 
D, -fe;HJ-f X*— j»tCoF2«tbfc<!:*. ««cot>1ft 
f^<h^lr/h$<^;0, F=0. HumOia, a=8 

[0 0 0 3] ^«fc«*£g:fo5&V>-fc;U-!M'X*^tt 
^•yW X© hU> H^ig«TSfc«&{C«, F<0. 
18»mm a<8, |g(CF<0. 1 3 «raTIJ. a 

;p-y--f X £ /Jn s ^ffiffl \z wtfo-t a * aah tc ^ 

^.o ^©fcift. 1 h7>y^^/l+t^->3'ffl^ ; E l J 
-tJI/$6 F2^>4 F2©^:#$lc-r^>tf^feM^^$nT 
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[0 0 0 4] ItlCSLT, +^/N°v^^ffit/^~r, 1 h 

©JOHN E. LEISS et al. "dRAM Design Using the Taper-- • 
Isolated Dynamic Cell" (IEEE JOURNAL OF SOLID-STATE 
CIRCUITS, VOL SC-17, NO. 2, APRIL 1982, pp337-344) 
<2>ftM¥-3 - 1 7 1 7 6 8-^$g-- 

(SMarnix R. Tack et al, "The Multistable Charge-Cont -io 
rolled Memory Effect in SOI MOS Transistors at Low 

Temperatures" (IEEE TRANSACTIONS ON ELECTRONDEVICE 
S, VOL 37, MAY, 1990, ppl373-1382) 
®Hsing-jen Wann et al, "A Capaci tor less DRAM Cell 
on SOI Substrate" (IEDM93, pp635-638) 

[0 0 0 5] 

nfcMOSh7>vX^SfflK MOSh7>yX^0 

<3><D*^EU-fe;l43:, SOlSfi±OMOSh7>yx^- 
tC<fcfP#l*Sns. SO I»«©«**S;fc#&ft«JE£ 

5o ^EUir^rau SO lSft±(7)MOS h7>y 

X^fCj;0^$n^>o MOSh7>yX^Ml±- 

ZiM^bTt^o NMOSh7>yX^(DifilK 
[0 0 0 6] Uj^U ®tt«3i^1fi*8T*0, h ^ 

tt, SO I*S«^6©«fiiW»S:«e:«c!:LT*0, « 

is* /t-^«*i&g<t-rsfc«>, «*hm*#*<&*. 

[0 0 0 7] CtfjfgB^ WcthyyyX^^IO)/ 
l>£>o 50 
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[0 0 0 8 ] 

^ t ivk^/^ '-c i 6 V t& ri »C hx/c O §B 1 " jy~ tfc 

tt £ m 2 £>m& Kl»£ Lfcfg 2 5 s - * tttt £ £ iff -r ^ 
y^«C8B«*r^ — 0(7)MI SFET(Ccfc?3«J5EStl, HU 
EMISFETH uO*»#SSI:E 

\zm&&&nTmmmTm®<Dmm\zttfa-tz>m 1 at* 

S 2 WIS® K U-t >ffi«»2i«Bf^j»SffiB^ffl*ii 
Sn&*2»ti©V-7K««(!:SiAftKiM I S 

[0 0 0 9] d<0*Wfc*^T*#«*Ctt. Slf-* 

<hbT. htCcfcORe^n^) FK >U-^ (G I 
D L : G a t e — Induced Drain Lea 

[0 0 10] SfcCl(OfSWJC*^Tft#ft?UC, MISF 

M I S F E T©^ 1 ©y- MS^7- KSC, m2(D 

[0 0 11] ^C7)^0^iCck^ch. -oo/t'JtiWl 

lMISFETI:i:OM$n, ■fe^I/'tf-f X£/bS^*> 
CDi-r^)Cl<h^-r^^o MISFET0V-7ttBSt 

i sfet^ \z$t&\-?z>m2<Dy- bmMiztem 
huaiCcfc^T^ \ztt-?z>^m$ti&tt$:mm<tisT. 

"0" , "1" ^-^CDL€r^«fUE«^#<t"SCl 

[0 0 12] ^^EU-tr;i/7U-ftt*ft:W*c, m^^giie 
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[ooi3] »#<&«^ mM<Dm^Mf&mmz, ^<d 

^Ml, f^S^co M/>f{:fn^tiSl coy- 
7-KHill try Hft^fR»C»«-rS— OOMI SFE 

[ooi4] ^<Dmmz&%*mte*^)mm<D^m.?i 

[0 0 15] 

cfcSDR AMir;KDlga«jgS:SO I 

^ITI^. ^^Ut^MCH SO HSjgODN^* 

S4K 1 0 ±»c«MB4: Itv U =1 >BWfc«S 1 1 

tl> C<^yU3>i«l I±l:pli/>J3>I1 2^ 

M^nfcsoiiwi^entv^c ^oss^y 
«13#»J«S*U y-nsi3i:ssi^ntn 

[0016] v-x, H W >ffif&Ji 14, 1 5 \$. & 
f oT, payU3>112A^^ft^f 

ftmzntcya-^j >tfvtmiz&2> 0 ^©/tut^ 
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[00 17] ^n^t^HMISFET^6&§D 

^ (ffi^6»»»aiStlfcp5!->U3>Ji 1 2) <7)« 
te$flffl)£?iJlB-t£o HJ-fe, MISFET*5ftgfi«T' 

tt^WxJi^-^ "1" £t*5o KK>«S(114 
tply'J^/il 2(DP H 1(Dp n»^SrJHS^rrp]y\*>f 7X 
IT, pSy'Ja>ll 2S±0fitfil:lfettiSf 
"0" it^o 5tt, H^«te^tJA 

[0018] " 0 " , " 1 " *JWJ^^ 

<£mfc<7)M£LT. SEoTMISFET^L^tiffjt 

Ofi&^JiSV^— ^ "1" ttffiOLS^tSEV t h 1 
"1" ^-^^^r«}^r^fc^^^ «7— KIRfCttft 

+ r/1->^<D«ffifS»SrfiJffl*rs 1 h^>:xX^/l^ 
t^^^DRAMtSSO, #tt«K»m U ** nit ET? 

[0 0 19] r-^lML^SCfS, u<oa>**. 
bn^o 7 - HiBlfiVWL t^t ^l/*f tfi V B 

tt, 7-K»WLi.:f^ "0" , "1" ©t^WIf 

svtho, v t h i<D*miz&&mfrttiism& : £ j 3-& 
"o" T—#<D*^v^)\,-c\zmmi)mti-f, 

"1" 5 s — Uir;UTtt«at3^8itn*^<fcS:*Jffl 
BLCyUff-ylt, *<B«?— F«lWL2:ffiWrr 

-5, cmt^o^ "o" 5*-*©*^ bi^hsyj^ 
*~^«tevBL(&^fb**&<, "1" f-^com^\i 

yjft-yffiVBL^im. 
[0 0 2 0] ^2C0M^ttlU*iC«. r 7- KiWL^u 

"o" , "1" v>mmmzfoVT\iv b^mitL<D±^-m 
m&gtsi&z.t&mm'T&o mmiz^ t^MiBLs 

0V(:yjft-yl, "7— K*WLSir-&±tfT, tf 
[0 0 2 1 ] ^0)»WJC*^T, Stttttd " 0 " 
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©y- h • S«M*«^> y- hBflJIMtJStStti 

[0022] hi a, so i mm^mm^r^^L^. y »o 

>^<£>^*;l^5^ ^fifOM I S FET^d 

^i3SOT4A-i4CT^^o S3H ¥ffi0T$> 
0. 04 A, 04 BM4 C^n-^n, 0 3 <£>A- 
A' , B-B' RtfC-C »rffi0"C^>^)o 

SMISFETI:J;0«J$$nSo pIy , Ja>I|2 
OtC, #JAtfSTI (Shallow Trench Isolation) ffiK 20 

sMKtcy- h«»!2 4«^n, M/>f 231: 
iciini© k u>r >jt«B 2 7 ^r^m^m 

2 tiLWtzm^m m 2 2 S J: 5 n S! V - X It* » 

[0 0 2 4] V-X«»H2 8 £*^#«<fi 30 

a^2 i t«trjfla^s»iwi$nT7P— -r-w >>?t.uz> 

&f$-DM%}M I S F ETWtUtM 

(DM I S F E TII*I©ft<i: LTlttWlC^$tl$ct 
31CT^>o fit, ^KD^Ct^MI SFET^y 
-MS2 5I1 "7— H*gWL<h^^^^;HB*8 2 6(C 
*«i$n^)o m©#fi<h£MT*Sl2<0*fflK:afc 
ISFETOKH >MI 2 7 tt, Hinil&JRK 3 

o±jcE»ansery hgi (bd 3ica»sti5. 40 

[0 0 2 5] ^ C ^Tli LfcS*D R A Mt 
-€-©»f^Sa±, 5 s — ^ "0" , "1" ©bi^fiiflffi 

«ffi«««¥#*T»^T<*&«>* "0" , "1" ^ 
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Sty- h£fc#7^^«fr&Ltt<ttD, 
[0 0 2 6] fCT^©I^t:^^T«, @3Stfi4 

^■^^ujgatcwfflans^y-hms osi^y— h 

MM) ittgUK. MISFETOft^Wf^l:*! 
JB'&LT*^ «fi«r«WTSfc»a)«ay- hit 

<SS2<Z>y-h««) £l£tf£o »2«>y-h«»4« 
Atf, Sl©y-htS<!:BfflUTi»n. cntcj; 
0, ffi*&#^&*£pJ«E<hU "0" , "1" 5 s 

i^ife^it, *2©y-ht«M*»+tU7i 
[0027] j^-f. z<D$£w<Dmm<DMm&mw-?z>o 

SFET<DW-mm~V$>D, 06A, a6BRtf06CIJ 
^tl^n, 0 5 (DA- A' , B-B' RZfiC-C »rS 
0T&£„ 

[0 0 2 8] pgy'j3>M2 0^ STUiCiD 

*^»«mes»2 1 a*stf>&*:HT, 0 5 jc— 

TM&mmcD&ttfa&mffimz yv>j-z 3 a, 23 
b 5H?#mi*&»r 2 1 <oaa«t 0 » < $ c n 

6©hU>f 23a, 2 3 b(Clctt)ftSnfc««2 2d« 

2 3 a, 2 3 btC«ffi-r&*^««2 2<Offi»r6j-r*« 
BBIC-t-n-Pny— hj»»R2 4A«»riE$tl, hl/>^2 

3 a, 2 3bl:tty-Mi2 5a, 2 5bj&*«*i&S 

[0 0 2 9] hl/>^M(l:y-hfg2 5a, 2 5b 

*^««2 2(0JSaiCtt, niy-xrai2 8« 
$n^> e ^^fg«2 2©8I(:ll y— h«S2 5 
a, 2 5 b(DS£)&^|£IC-f t>aA^fToTnIHl/ 

^f>Rii2 7«s^n^o cicd^clt, nocoy 

-hll25a, 2 5b^l*^nfc»lMISFE 

[0 0 3 0] y— MS2 5 a, 2 5bH ^tl^tlU 

2 6a, 2 6bl:gS$n5c dtl 7— K*HWL R 
CX/ty ^ *7— FiBWL 0±8BXrjffflJ®« v U 3 >^t: 
^2 9(Cj;0S^n^ o ^^(DiilflTH ^(C 
i6W5ct5l:, ir-MS2 5a, 2 5biWM 
Sy'j3>i^M/>^2 3a, 2 3 b £*I(£^A,T¥ 

*h jc&£ j: 5 \zmmi& I, s wiz tfjimmmiLzfis u 

HlBWL«^tl^)o 
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[0 0 3 1 ] C©«l:*lJSnfcM I S FET^lCi 
B8883 0«sn, dG^lChfy h» (BL) 3 
1#*BR3*15. ti7hi3nt MISFETOHl/ 

[0 0 3 2 ] £JUt<Z)M I SFET£vMJ#XlB5ULfc 
/^UtJPTKOifitll 07R«08A-08C© 
ck^fd&^o 07te¥®0T?&D, 08A, El8B2fctf 

sis cu^n^nm7(DA-A ? , b-b' &#c- 
c mmm-v&Zo ^(Dmmu. 05sra6A-06 

[0033] ^(D^^Eu-tr;uTi^-fTH> mmom^M 

tiimi&Wy h*Wft©W*BHC h^>^2 3 a, 2 3 
b^ff^^tl, ££IC—0©y— h«B2 5 a, 2 5b 
WiiinT^OM I S FET«$n§. d<0 

ItffiFT'Mbfcm^, HfiDRAMtM, 0 

[0034] z,<D^"Eu±)iy\y^mm,<Dm^, ¥yb 
s^^i^t^/tut^^^^T, -en-ens*^ 

KiWLM^^7- Ki»BWL*t|8:frt^n 

KSlBWLSrffiWiLT, SMI SFETODft^Mr 
>r©«<a**jB«»t-SCl4:*<T#-5. IP'S, 

"0" 7^-^#^iA^^«^(C«, 9— KiWLlCf 

"o" ^-^s#&»#t#£ 0 ^±i3cto. 
*ffiil<0*#H "0" , "1" ^(31**«wI«Hca: 40 

[0 0 3 5] Sfc, *««0»7-K||[WL»CJ4ft«tte 

-KHBWLfeftifim^(h(:«j:oT> 
ffl^^tut;^ "0" ^-^S^iA^^rff o^^rtc, 

[0 0 3 6] ±E*JfiO»ffiTtt, if^i^ftlTE 

ii^n*:— -Dom^MfjUmmz— -d<dm i s fet« so 
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®«^A^i7»7- K8BWLt»«Sn5y- h^S^r 
MLTr^M I SFETMt§;ifeT'#§ 0 

t:*to 09te¥H0T&9, B10HfOA-A' »r 

®0T££o 0 9 006-6' acjcc-c Wffi^^n-r 
fu isBSMsciRra^ 
[0037] c<Dmm<DMm<vm^. m^rmmmm2 

*SCfehl/>f 2 3b^M$n^) 0 ^tl^(D3-D(D 
M/>f 23a, 2 3 b J; 0SE*tlfc««3&«— OCDM 
ISFETOif«2 2c!:^l) 0 4 I *gB^)hU>5 1 2 
3btCtt, r^MI SFETTMStlSy-MS 

2 5b^«i6jX^n> Sa«©hU>^2 3a(C(iro 
I S F E T (D J ttl J Ertl<D / y — hfg2 3 aa*ffi#>j£ 

£*l£ 0 fit, h*®2 5 btt, ^0<£>M I S F 

E T©*lAy > 7- K«B WL t»»Sn, h« 

[0 0 3 8] 2*<DV — KjRW 

6> A7^7-K«BWL^IJJ$nfc7-KSWLd: 

ls^LTgjf^$it>5« :maD, misfetcd^ 

^Mr^0/t'^7- FiBWLK, KlEJ|jWgj$ 

[0 0 3 9] £frZ.<DmM<Dmm<DM&. 0 9 iC^b*: 

BWL07< >/X^-X^S/hjjOXTl'f£FT : ^Lfc 
£-t££, ffiDRAMt;i/H 0 9 Lfccfc 
5fC, 6F2<Bffi«£:&£ 0 
[0 0 4 0] ^{CdCO^^tCct^^^Uir^TKO)® 

oTift^T^o 0 1 1 A, 0 11 B-0 1 7 A, 017 

Btt^n-p*i0 9ODA-A' mm (01 o*us) atfB 

-B' Kffi (08 B^) TOSSIISSLT^-So 
[0 0 4 1 ] 01 1 ASrjC0 1 1 B fC^T^ o tc, p §y 

«5 2«iL, ^n^>JV^77^Ig^RIEl 

miz&Qrt?-->s?LTm?Mf&mi&&mv~?z?& 
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[0 0 4 2 ] 012 A&ZfM 1 2 BiZ^-tJz? 

A€rij"^T, ^sii 3 Ai& C>iz3 1 3 B vC /jn '3 ck ^ j' 

2 1 (DT&m^Tiz)i7 mm^mzmm 

1-5nay-7t£«I2 8S*«n. V-Xffi 
KM 2 8co±gB<7)^^^;i/#^^ >&m\z 

[0043] *&i^x\ 014 ARZSm 1 4 B \Z^T& o 

>S«2 0£R I EtCcfc OXyf^LT, — 3<E>*§^ 
»riE«*(OW*«<k+*fiB^ h U>5 1 2 3 a, 2 3b£r 

l/>?23a, 2 3blt * : F»BUfi8I2 1©j£B± 

2 2(D7- K^WL^[r]<DM®^ 014B^-TcJ;5 
lC*^#IMfiMII2 1 Cgl, If^hiBLMiDffl® 20 
^hl/>^2 3a, 2 3bl:g{Hf§ 0 
[0 0 4 4] y'Ja>ifti5 4^i£U HI 

5Ajr;015Bl:*tcfc5l:, hl/>f23a, 2 3 
b{Cftm-r-53S^«*2 2<0«H«cy- M&RBS2 4 S 

jbj*?-*. fit, y-htst^MSvun^ 

25^hl/>f23a, 2 3 bSSfejA/b-tWaflrT* 
^3 iC it lib, ICWS if0^^E»I2 6$i(IS 

ne)©yU3>tftl2 9a, * ? frWMM 2 6 
eSyU3>i2 5^-z>^tT, il6AW 30 
HI 6 BfdT^-tcfc^lC, &h U->^2 3 a, 2 3bi:l 
^^nfcMSv U 3>y- hi!2 5 a, 2 5 b, 

iiS«E*T^^^;HE«2 6 a, 2 6bWt§o 
iM2 6a, 2 6b±0y'j3>8M2 9aH g 
1 0 iZ^-tU- 

3y'Ja >^fcJSi 2 9 cD-gBch 
[0 0 4 5] frlZ, 017 ASOT 1 7 B Id^cf £ 3 
id, yija>S<ki2 9bS*8[U ^n^RlEJc^ 
Ox^/^LT, »7- Ymw^mSnvZV— K^B 40 
WLO«Sl:iSt. fbT, -f ;t>&A£froT, «■* 
T«« 2 2 nBFH >rai 2 7 

IBBXSBIttSS&^a*, B 1 OKSt" J; 
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